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Abstract 


This paper introduces a planar 4 x 4 slot antenna array based on Empty Substrate Integrated Waveguide at 28 
GHz. The proposed antenna offers reduced weight and fabrication cost as well as relatively feasible integration 
with planar electronic components. The proposed antenna suggests an operating bandwidth of 7.1% (1.e. 27.4- 
29.3 GHz) suitable to fulfill demands of 5th Generation (5G) networks with high gain performance of 17.5 dBi 
with reduced sidelobe level at 28 GHz. 


Index Terms: 5G, antenna, array, millimeter-wave, planar 
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OBJECTIVES 


Purpose of research 


Proposing an antenna prototype such that 
= Capable to operate at mm-Wave spectrum(MMWs) especially at 28GHz 
= Provides directive high gain to overcome the high-frequencies path losses 


Designed Antenna Structural/Physical Attributes 


= Slot Antenna Array with more efficient (1.e. low losses) feeding structure 
= Linear Array 
: Planar Array 
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INTRODUCTION 


E> 

= 5G: Future of Wireless Networks 5G wr 
e ° Unified design across diverse spectrum bands/types 

"Operating over range of frequencies 

‘<6GHz’ and/or *>6GHz’ (e.g MMWs) 
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FEEDING NETWROK FOR MMWs 
ANTENNAS 


Microstrip Line: Efficiency drops significantly due to losses at 
bends and discontinuities. 





Rectangular Waveguide: High performance, High cost, Bulky, 
Issue 1n integration with planar circuits. 


Substrate Integrated Waveguide (SIW): Planar structure, Low 
cost, High efficiency and low losses as compared to microstrip 
lines. 
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SIW AND EMPTY SIW 


= ‘Two rows of metalized vias, embedded = Creating empty waveguide shape in 
in dielectric substrate, provide side substrate. 
walls of waveguide 

= Conductor cladding on the top and 
bottom surface of the dielectric 


= Upper and lower surfaces as well as 
lateral walls are metallised. 


= Wideband Transition from microstrip to 





= Dielectric filled Rectangular 
ESIW. 
Waveguide 
a = = Reduce the Dielectric Losses in SIW 
ep > 
ane aE bh 
am a 
a ARWG 
Fig]. SIW and equivalent Rectangular Waveguide [1] Fig2. ESIW Layout[2] Fig.3 Transition Layout (3-D view)[2] 


[3] Y. Li, W. Hong, G. Hua, J. X. Chen, K. Wu, T. J. Cui, "Simulation and experiment on SIW slot array antennas", IEEE Microw. Wireless Compon. Lett., vol. 14, no. 9, pp. 446-448, Sep. 


2004. 
[4] A. Belenguer, H. Esteban, and V. E. Boria, “Novel empty substrate integrated waveguide for high-performance microwave integrated circuits,” IEEE Trans. Microw. Theory Techn.,vol. 


62, no. 4, pp. 832—839, Apr. 2014. 
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ESIW LINEAR SLOT ANTENNA 


ARRAY 


= End Fed Linear Resonant Longitudinal Slot Array is designed. 


Microstrip to 


Substrate: Rogers 4003 (€= 3.55, hespw= 0.508) ESIW Transition La 


= Longitudinal Slots get excited by the transverse current flow. 

= Elliot Procedure is used in designing the proposed slot antenna 
array. 

= For maximum radiation, slots are kept at maximas of current. 





Fig.4 ESIW Slot Antenna Array 
Dimensions of the Proposed Antenna 


To get low side lobes in Symbol Parameter Dimension Symbol Parameter Dimension 
the H-plan, slots HG D Length of Antenna 43.54mm Wesrw ESIW Width 7.112mm 
fed/kept non-uniformly 
across center of W, Width of Antenna 14.22mm Ao Guided 16.2mm 
waveguide. Wavelength 

Ls Slot Length 5.4 mm X Off-Center 0.5mm 


Distance of Slots 
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FABRICATION AND MEASUREMENTS 


= Prototype is fabricated using LPKF Protomat M60. 


= Here, RS-Silver Conductive paint (SCP) is used for the 
lateral wall metallization 5]. 


Antenna Bandwidth 

= Simulated Bandwidth 
26.5GHz-29.4GHz. 

= Measured Bandwidth 
26.5GHz-29GHz 





Reflection Coefficient (dB) 





Fig.6 Fabricated ESIW Slot 
Antenna Array 
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[5]. https://uk.rs-online.com/web/p/conductive-adhesives/101562 1/ 
[6] https://docs-emea.rs-online.com/webdocs/14f0/0900766b8 1 4f0bd5.pdf 
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RESULTS AND ANALYSIS 


Radiation Characteristics "| FIAT T 
- As all slots are fed in phase, broadside TaT AA R 
radiation is achieved. i 1) 1% VOY F 
= Uniformly distributed Array is achieved ae WV Sf Va N 
by placing all slots at equi-distance from = ‘| y 
the centreline of waveguide. “j H 
"o i = 


Fig.9. H-Plane and E-Plane realized Gain of ESIW Slot Anten: 
Array at 28.5GHz 


Gain and Efficiency B —— i 





- The simulated max. gain of the antenna Su — a n 
is above 10.5dBi in the operating Sou t mi © 
Bandwidth (26.5-29.5GHz). zs N, “7 

= Simulated efficiency is above 90% in wo Boi - 
maximum range of operation. E e “aus 3 Fy 


Fig.10. Max. Realized Gain Vs Frequency plot of ESIW Slot 
Antenna Array 
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ESIW PLANAR SLOT ANTENNA 
ARRAY 





Planar 4 <4 slot antenna array is proposed. 







Four Branches of Linear slot array are used 
while each branch having 4 slots as a radiating 
element. 


Substrate: Rogers 4003 (€= 3.38, hes;w= 
0.508) is used for ESIW structure 


Slots across the centre axis of each branch (1.e. 
in H-Plan) are fed/placed non uniformly to get 
reduced side lobes in that direction. 
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Fig.4 ESIW Planar (4x4) Slot Antenna Array 
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RESULTS AND ANALYSIS 


S-Parameters ci ai in eo 


Planar Slot Antenna Array 

Bandwidth 

= Simulation Results depict a 
bandwidth of 27.1-29.3GHz 
considering S1i=-10dB. 





26.5 27 27.5 28 285 29 29.5 30 
Frequency / GHz 


Fig.9. S11 of the proposed ESIW Planar Slot Array 
Radiation Characteristics A [mao 
" As all slots are fed in phase, broadside 
radiation 1s achieved. 
= Side lobes level in H-plan is lower than in 


E-plan due to non-uniform placement in 
the H-plan. 


Realized Gain (dB) 
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Fig.9. H-Plane and E-Plane realized Gain of ESIW Planar 
Slot Antenna Array at 28GHz 
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RESULTS AND ANALYSIS 


Realized Gain and Efficiency vs Frequency 


Gain and Efficiency 


= The simulated max. gain of the antenna 
is about 17.2dBi in the operating 
Bandwidth. 

"= Simulated efficiency is about 90% in 
maximum range of operation. 


Realized Gain (dB) 
Efficiency (%) 





27 28 29 30 
Frequency (GHz) 


Fig.10. Simulated Realized Gain and Efficiency of the 
proposed Array 


YÂ Queen Mary 


University of London 





| The School of Electronic Engineering and Computer Science 


CONCLUSION 


An ESIW fed slot Antenna Array (Linear and Planar) is presented with a 
bandwidth of 26.5-29.4 GHz and 27.1-29.3GHz respectively. 


Dielectric and leakage losses are reduced compared to SIW fed slot Antenna Array 


The gain of the antenna is above 10.5 dBi in the operating bandwidth for Linear 


slot array and above 17 dBi for planar array. 


The operating band range , directional radiation patterns and reasonable gain make 


this antenna suitable for 5G applications. 
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